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A B S T R A C T

Purpose
Since activity of sorafenib was observed in sarcoma patients in a phase I study, we performed a
multicenter phase II study of daily oral sorafenib in patients with recurrent or metastatic sarcoma.

Patients and Methods
We employed a multiarm study design, each representing a sarcoma subtype with its own Simon
optimal two-stage design. In each arm, 12 patients who received 0 to 1 prior lines of therapy were
treated (0 to 3 for angiosarcoma and malignant peripheral-nerve sheath tumor). If at least one
Response Evaluation Criteria in Solid Tumors (RECIST) was observed, 25 further patients with that
sarcoma subtype were accrued.

Results
Between October 2005 and November 2007, 145 patients were treated; 144 were eligible for
toxicity and 122 for response. Median age was 55 years; female-male ratio was 1.8:1. The median
number of cycles was 3. Five of 37 patients with angiosarcoma had a partial response (response
rate, 14%). This was the only arm to meet the RECIST response rate primary end point. Median
progression-free survival was 3.2 months; median overall survival was 14.3 months. Adverse
events (typically dermatological) necessitated dose reduction for 61% of patients. Statistical
modeling in this limited patient cohort indicated sorafenib toxicity was correlated inversely to
patient height. There was no correlation between phosphorylated extracellular signal regulated
kinase expression and response in six patients with angiosarcoma with paired pre- and post-
therapy biopsies.

Conclusion
As a single agent, sorafenib has activity against angiosarcoma and minimal activity against other
sarcomas. Further evaluation of sorafenib in these and possibly other sarcoma subtypes appears
warranted, presumably in combination with cytotoxic or kinase-specific agents.

J Clin Oncol 27:3133-3140. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Sarcomas are a heterogeneous family of malignan-
cies of soft tissue, with biologic behavior and clinical
outcomes distinct for each subtype. For soft tissue
sarcomas other than gastrointestinal stromal tu-
mors (GIST), doxorubicin and ifosfamide remain
the most active agents against these diseases.1 Gem-
citabine and docetaxel are an active chemotherapy
combination against selected sarcoma histologies
as well.2-7

Patients with metastatic GIST show notable
sensitivity to kinase inhibitors imatinib and
sunitinib.8,9 However, the activity of tyrosine kinase
inhibitors is less well examined in patients with other
soft tissue sarcomas. Imatinib has only anecdotal

activity in non-GIST sarcomas except for dermato-
fibrosarcoma protuberans,10-12 and studies of inhib-
itors of mammalian target of rapamycin (mTOR)
show only low Response Evaluation Criteria in Solid
Tumors (RECIST) response rates.13-16

Sorafenib, a small molecule B-raf and vascular
endothelial growth factor (VEGF) receptor inhibi-
tor, is potentially useful in several specific sarcoma
subtypes, such as malignant peripheral-nerve sheath
tumors (MPNST) with loss of NF1 and activation of
the ras-raf signaling pathway.17-19 Angiosarcomas
are inherently a target for antiangiogenic agents.
Further, a phase I study of sorafenib in patients
with solid tumors indicated a promising 30% 12-
week nonprogression rate in patients with meta-
static sarcomas.20
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Accordingly, we sought to examine the activity of sorafenib in
sarcoma subtypes for which there appeared to be a biologic rationale.
We used a multiarm phase II study design to evaluate specific sarcoma
subtypes independently. We performed biopsies in a limited number
of patients with angiosarcoma and MPNST before and after starting
therapy to determine changes in downstream targets of sorafenib,
and examined trough sorafenib levels and soluble mediators of
angiogenesis before and after starting therapy, in particular in
angiosarcoma patients.

PATIENTS AND METHODS

This was a six-arm, multicenter phase II study of oral sorafenib in patients with
advanced sarcomas. Patients were accrued from 11 institutions. Institutional
review board or ethics committee approval of the protocol and informed
consent form was required. Each participant provided written informed con-
sent. RECIST response determinations were made by study radiologists at the
treating institutions; images were not reviewed centrally. Pathologists at treat-
ing institutions defined sarcoma subtype; central review of pathology was not
performed. Responding patients at Memorial Hospital were subject to confir-
matory review by an independent committee.

Study Design

Patients received a starting dose of sorafenib 400 mg oral twice per day
continuously. A cycle of therapy was defined as 28 days of treatment. Dose
reductions to 400 mg oral daily and then 200 mg oral daily were permitted for
patients experiencing National Cancer Institute Common Toxicity Criteria for
Adverse Events (NCI CTCAE) version 3.0 is as follows1: grade 2 dermatolog-
ical reaction,2 asymptomatic grade 2 hypertension on at least two consecutive
measurements, or any symptomatic grade 2 or any grade 3 to 4 hypertension,3

grade 3 to 4 drug-related nonhematologic toxicity, and4 grade 4 drug-related
neutropenia or thrombocytopenia. The clinicaltrials.gov study identifier
was NCT00245102.

Clinical examinations and laboratory testing were performed at a screen-
ing visit, at the start of treatment, and at the start of each cycle of therapy for six
months, every 6 weeks for the next 6 months, then every 12 weeks. Blood
pressure was examined weekly for 4 weeks and at each clinic visit. Physical
examination, Eastern Cooperative Oncology Group (ECOG) performance
status, complete blood count, and biochemical profile were performed every 4
weeks, and at each visit after 6 months. Tumors were re-evaluated after every 8
weeks of therapy for 24 weeks, then after every 12 weeks of therapy.

The first 10 patients with angiosarcoma and MPNST treated on the study
had pre- and two-week post-treatment biopsies and limited sequencing of
BRAF. All MPNST and angiosarcoma patients were eligible to participate in
correlative studies before treatment and after 2 weeks of treatment, including
determination of sorafenib and metabolite trough levels, and circulating en-
dothelial cell levels. Patients gave written informed consent for these studies.

Sorafenib was provided to participating sites by the National Cancer
Institute Cancer Therapy Evaluation Program through a Cooperative Re-
search and Development Agreement between Bayer AG, Onyx Pharmaceuti-
cals Inc, and the National Cancer Institute Division of Cancer Treatment and
Diagnosis (protocol 7060).

Patient Eligibility

Inclusion criteria included: histologically confirmed sarcoma other than
GIST; presence of measurable metastatic and/or locally advanced or locally
recurrent disease; 0 to 1 prior lines of chemotherapy for metastatic disease (0 to
3 lines for angiosarcoma or MPNST); no prior treatment with small molecule
kinase inhibitors; age older than 18 years; ECOG performance status 0 to 2;
adequate hematologic, hepatic, and renal function; use of adequate contracep-
tion; resolution of prior adverse events related to tumor-specific therapy re-
solved to grade 1 or less before study entry (except alopecia); and ability to
understand and the willingness to give written informed consent.

Exclusion criteria included prior chemotherapy or radiotherapy within 3
weeks before entering the study, simultaneously use of other systemic agents,

known brain metastases, use of therapeutic anticoagulation, cytochrome P450
enzyme-inducing antiepileptic drugs, rifampin, or St John’s wort, uncon-
trolled intercurrent illness, significant swallowing dysfunction, evidence of a
bleeding diathesis, pregnancy, and known positivity for HIV.

Correlative Studies

Sorafenib day 15 trough plasma concentration was examined in 67
patients using a validated liquid chromatography-mass spectrometry assay,
with a lower limit of quantification of 10 ng/mL.20

Circulating endothelial cell measurement was performed in five angio-
sarcoma patients using a Cell Track Analyzer II system (Varidex, Raritan,
NJ).21 Details of the technique are provided in the Appendix (online only).

Immunohistochemical staining was performed on 5 to 6 � sections cut
from the paraffin-embedded tumor samples, and analyzed using a rabbit
polyclonal antibody for phosphorylated extracellular signal regulated kinase
(pERK) (phospho-p44/42 mitogen-activated protein kinase [Thr202/
Tyr204]; Cell Signaling Technology Inc, Danvers, MA).22 Slides from each
biopsy were stained with a species, isotype (immunoglobulin G), and
concentration-matched negative control antibody. A hematoxylin-eosin slide
was also stained for each sample. Localization of pERK staining to cell nuclei or
cytoplasm was evaluated qualitatively. Nuclear pERK staining intensity was
graded using a five-point scale: 0, no staining; 1�, weak; 2�, moderate; 3�,
strong and 4�, intense.

For exon 15 BRAF DNA sequencing, tumor DNA was extracted
from fresh frozen tissue or paraffin-embedded tissue, and genomic
exon 15 BRAF sequence amplified by polymerase chain reaction and
sequenced using standard techniques.23 Exon 15 was of interest given
the known V600E mutation in this exon, using forward primer 5�-
TCATAATGCTTGCTCTGATAGGA-3� and reverse primer 5�-
GGCCAAAAATTTAATCAGTGGA-3�.

Statistical Methods

Given more than 70 different types of sarcoma, we assumed that activity
of sorafenib against one sarcoma subtype did not imply activity against an-
other. Based on preclinical data,24 we examined as separate Simon two-stage
designs arms for patients with1 leiomyosarcoma,2 malignant peripheral-nerve
sheath tumor (MPNST),3 synovial sarcoma,4 vascular sarcomas (includes
angiosarcoma, hemangiopericytoma-solitary fibrous tumors patient [n � 2]
and giant hemangioma [n � 1]),5 high-grade undifferentiated pleomorphic
sarcoma [HGUPS], formerly termed malignant fibrous histiocytoma
[MFH], and6 an “other” sarcoma arm (included patients with epithelioid
hemangioendothelioma [n � 4]), to insure adequate inclusion of a variety
of sarcoma subtypes.

A Simon optimal two-stage design was used for each arm of the study.25

The primary end point was response rate using RECIST. A 5% response rate
was considered not promising; a 20% response rate was considered promising.
The probability of type I and type II errors were set at 0.10 each. Twelve eligible
patients were initially accrued. If at least one RECIST response were observed,
the arm would be opened to enroll 25 more eligible patients. If there were at
least four responses in 37 eligible patients within 6 months of starting therapy,
the stratum was declared to have a positive result for that study arm. This
design gave a 90% probability of a positive result if the true response rate were
at least 20%, and a 90% probability of a negative result if the true response rate
were 5% or lower.

Secondary end points included: progression-free survival (PFS; defined
as rate of RECIST complete response [CR] � partial response [PR] � stable
disease [SD]); overall survival (OS); day 15 trough pharmacokinetics of sor-
afenib and its relationship to toxicity; assessment of pre- and post-treatment
inhibition of ERK phosphorylation (n � 10 patients with MPNST or angio-
sarcoma); circulating endothelial cells (n � 5 angiosarcoma patients) and
soluble cytokine levels (n � 13, angiosarcoma and MPNST) as metrics of
angiogenesis before and after starting therapy.

Kaplan-Meier curves for OS and PFS were constructed for each stratum
and for all patients.26 Analysis of dose reductions with respect to prognostic
variables was first examined using univariate analysis, specifically Kruskal-
Wallis rank-sum test for continuous variables and Fisher’s exact test for cate-
goric variables, and then by multivariate analysis. Logistic regression was used
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to examine any dose reduction as a function of the variables from the univar-
iate analysis, while the number of dose reductions (0, 1, � 2 [including those
who needed a third dose reduction after at least one clinical evaluation but
were taken off study for toxicity]) was analyzed using proportional-odds
logistic regression.

RESULTS

Demographics

Patient characteristics are presented in Table 1 and Figure 1. The
study enrolled 147 patients at 11 sites in the United States between
October 6, 2005 and November 14, 2007. A total of 145 patients
received at least one dose of sorafenib; 144 were assessable for toxicity.
Twenty-two patients discontinued therapy for adverse events did not
resolve within 2 weeks and could not be construed as disease progres-
sion. These 22 patients were assessable for toxicity, but not response.
Among 144 assessable patients for toxicity, median age was 55 (range,
18 to 90), and 92 were women (64%). Median ECOG performance
status was 0. Chemotherapy had been given to 91 patients (63%)
before enrollment on study.

Treatment Efficacy

Figures 2A to 1D and Table 2 indicate PFS and OS for all patients
and by histology. Median follow-up time was 6 months (range, 0 to
31). By investigator assessment of 122 assessable patients, PFS was 3.2
months (95% CI, 2.5 to 3.7 months). Median number of treatment
cycles was 3 (range, 1 to 33), and 20% of patients received 6 or more
treatment cycles (25 of 122 patients). PFS for the study population was
53% at 3 months and 22% at 6 months (Kaplan-Meier estimates), and
is indicated by stratum in Table 2, and for the leiomyosarcoma and
angiosarcoma patients in Appendix Tables A1 and A2 (online only),
respectively. PFS was superior in those patients with angiosarcoma
who had received no prior chemotherapy versus those who had
(P � .04, Mann-Whitney U test), while this was not the case for
leiomyosarcoma (P � .16). Of the 122 assessable patients who re-
ceived sorafenib, 56 (46%) were alive as of May 2008; median OS was

Table 1. Patient Characteristics

Characteristic

Patients

No. %

Patients registered 147
Ineligible for toxicity 3

Never treated 1
Withdrew consent before treatment 1
Protocol violation (arm misassignment) 1

Patients assessable for toxicity 144
Patients unassessable for response 22
Adverse event

Dermatologic 9
Rash or palmar-plantar erythrodysesthesia
and/or blistering 6
Dermatologic and other toxicity 3

Hemorrhage 4
Unsuspected CNS metastasis 1
Lung metastases 1
Axillary primary 1

Gastric primary 1
Deep venous thrombosis 1
Perforation 2

Ileum 1
Tension pneumothorax 1

Other 4
Extremity pain 1
Congestive heart failure 1
Transient ischemic attack 1
Reversible posterior leukoencephalopathy

syndrome 1
Withdrew consent 2
Assessable for response 122

Median age 55
Range 18-90

Sex, female 92 64
ECOG performance status

0 83
1 54
2 7

Prior chemotherapy 91 63
Histology

Leiomyosarcoma 42
Angiosarcoma 40
MPNST 15
HGUPS 14
Synovial sarcoma 14
Other 19
Epithelioid hemangio-endothelioma 4
Fibrosarcoma 4
Liposarcoma 3
Chondrosarcoma 2
Other 6

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; MPNST, malignant peripheral nerve sheath tumor; HGUPS,
high grade undifferentiated pleomorphic sarcoma, formerly termed malig-
nant fibrous histiocytoma.

Patients with recurrent  
or metastatic sarcoma

(n = 147)  

Evaluable for toxicity
(n = 144)

Withdrew consent (n = 1)
Never treated (n = 1)
Protocol violation (n = 1)

Evaluable for response (n = 122):
Leiomyosarcoma (n = 37)
Vascular sarcoma (n = 37)
MPNST (n = 12)
Synovial sarcoma (n = 12)
MFH / HGUPS (n = 12)
Other (n = 12)

Inevaluable for response:
Adverse event related (n = 20)
Withdrew consent (n = 2)

Best response: 
CR (n = 1)
PR (n = 5)
SD (n = 62)
PD (n = 54)

Fig 1. CONSORT diagram for patients registered for this study. MPNST,
malignant peripheral nerve sheath tumor; MFH, malignant fibrous histiocytoma;
HGUPS, high grade undifferentiated pleomorphic sarcoma, formerly termed
malignant fibrous histiocytoma; CR, complete response; PR, partial response;
SD, stable disease; PD, progresive disease.

Phase II Sorafenib for Sarcomas

www.jco.org © 2009 by American Society of Clinical Oncology 3135



14.3 months (95% CI, 12.2 to 19.2 months). The histology of patients
still on study after 6 months or more is indicated in Appendix Table A3
(online only).

Best RECIST responses on treatment are indicated in Table 3.
Four of 37 eligible patients with vascular sarcomas experienced a PR,
and one experienced a CR, for a response rate of 14%. The RECIST

response rate is 10% (four of 40 patients), using an intention-to-treat
analysis patients who were assessable for toxicity. Three patients with
epithelioid hemangioendothelioma of four treated had stable disease
as a best result. Patients with angiosarcoma had the greatest degree to
tumor shrinking overall, as is apparent in the plot of best RECIST
response by tumor subtype (Fig 3).
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Fig 2. (A, C) Progression-free survival and (B, D) overall survival for (A, B) all patients and by (C, D) stratum. (A) Progression-free survival for all assessable patients
(n � 122). (B) Overall survival for all assessable patients (n � 122). (C) Progression-free survival by arm. (D) Overall survival by arm.

Table 2. Clinical Outcomes in Assessable Patients (n � 122)

Histology

Progression-Free Survival Overall Survival
Kaplan-Meier Estimate for

Progression-Free Survival (%)

Duration (months) 95% CI Duration (months) 95% CI 3 Months 6 Months

All patients 3.2 2.5 to 3.7 14.3 12.2 to 19.2 53 22
Angiosarcoma 3.8 2.8 to 5.5 14.9 9.4 to � 64 31
Leiomyosarcoma 3.2 1.9 to 5.6 22.4 14.2 to � 54 30
MPNST 1.7 1.3 to � 4.9 3.0 to � 25 8
Synovial sarcoma 2.5 1.8 to � 10.3 6.5 to � 42 0
HGUPS 2.4 1.8 to � 12.2 7.5 to � 42 8
Other histologies 3.6 2.8 to � 15.5 8.9 to � 67 25

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; HGUPS, high grade undifferentiated pleomorphic sarcoma, formerly termed malignant
fibrous histiocytoma.
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One confirmed PR was observed in 37 eligible patients with
leiomyosarcoma. The RECIST response rate is 3%, and is 2% by an
intention-to-treat analysis of the 42 patients who were assessable for
toxicity. No RECIST PR or CR was seen in 12 eligible patients each
with malignant fibrous histiocytoma, synovial sarcoma, MPNST, or
“other” sarcomas, although patients with MPNST and synovial sar-
coma experience minor RECIST responses.

Toxicity and Dose Reductions

For 144 patients eligible for toxicity assessment, the most com-
mon selected grade 2, and all grade 3, 4, and 5 adverse events possibly,
probably, or definitely related to sorafenib are presented in Table 4,
including fatigue, dermatologic reactions, hypertension, and gastroin-
testinal symptoms. Eighty-nine patients (61%) required dose reduc-
tions for toxicity, of which 75% were due to dermatologic toxicity.
Eighteen patients (12%) required two dose reductions, and three
patients (2%) were taken off study for the need for three protocol-
specified dose reductions for dermatologic toxicity.

Fatal GI hemorrhage was observed in one patient with abdomi-
nal disease, as was one episode of grade 4 bowel perforation in another

patient; one episode of fatal tension pneumothorax was seen in a
patient with metastatic disease to the lungs. One patient experienced a
grade 4 decrease in cardiac ejection fraction, but recovered after dis-
continuation of sorafenib. Much of the severe toxicity was observed
within 2 weeks of the start of treatment, accounting for the significant
number of patients assessable for toxicity only.

Pharmacokinetics

Trough pharmacokinetics after 2 weeks of therapy was examined
in 67 patients receiving sorafenib. Patients with toxicity requiring a
dose reduction had trough levels examined after approximately 2
weeks of therapy on the reduced dose.

Of the patients who had trough levels examined between 6 and 24
hours from the prior dose of sorafenib (n � 41), the median trough
level of sorafenib (�median absolute deviation) was 4,300 � 3,400
ng/mL. There was no difference in trough levels in those patients who
received dose reductions versus those who did not (P � .55), suggest-
ing adequate serum levels were present once a tolerable dose had been
identified. There was no difference in PFS for those patients with
sorafenib level above versus below the median trough level (P � .16).

Modeling Risk Factors

We examined demographic features and their association with
toxicity. By univariate analysis, lean body mass, height, body-surface
area, sex, serum creatinine, and weight were statistically significant
factors associated with sorafenib dose reductions. We fitted a number
of multivariate models including gender, serum creatinine, and one of
the following: lean body mass, body surface area, or height. Height and
lean body mass were significant when adjusting for serum creatinine
by logistic regression for any dose reduction or by proportional odds
logistic regression for number of dose reduction (Appendix Tables A4
and A5, online only).

Other Translational Studies

Tumor biopsies were taken from 10 patients with MPNST and
angiosarcoma before treatment and after 12 to 15 days of sorafenib

Table 3. Best Response Evaluation Criteria in Solid Tumors Response to
Therapy (n � 122 assessable)

Histology

No. of Patients

CR PR SD PD Total

Angiosarcoma 1 4 21 11 37
Leiomyosarcoma 1 18 18 37
MPNST 3 9 12
Synovial sarcoma 6 6 12
HGUPS 5 7 12
Other 9 3 12
Total 1 5 62 54 122

Abbreviations: CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; MPNST, malignant peripheral nerve sheath
tumor; HGUPS, high grade undifferentiated pleomorphic sarcoma, formerly
termed malignant fibrous histiocytoma.
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Fig 3. Plot of best radiological outcome by
Response Evaluation Criteria in Solid Tu-
mors (RECIST) by subject. (*) The discovery
of new disease or growth of index lesions
over 200% from baseline as the basis of
progression. MPNST, malignant peripheral
nerve sheath tumor; MFH, malignant fi-
brous histiocytoma; HGUPS, high grade un-
differentiated pleomorphic sarcoma, formerly
termed malignant fibrous histiocytoma.
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therapy. There was no consistent change in pERK staining in six
patients with interpretable paired samples. There were no exon 15
mutations in BRAF in the seven samples with interpretable data. There
was no consistent change in circulating endothelial cell number be-
tween pre- and post-treatment specimens in four of five patients with
angiosarcoma with paired data.

DISCUSSION

Sorafenib is active against metastatic angiosarcoma, and had minor
activity against leiomyosarcoma. Although the response rates were
lower with sorafenib in this study than standard cytotoxic agents, PFS
for leiomyosarcoma and angiosarcoma patients was comparable,27-31

supporting the activity of sorafenib in these diagnoses. In comparison,
imatinib was inactive in 16 angiosarcoma patients as part of a phase II
study,32 supporting sorafenib’s VEGF receptor blockade as its key
mechanism of action. There were no RECIST responses among the
epithelioid hemangioendothelioma or hemangiopericytoma-solitary
fibrous tumor patients on study, implying that the biology of these
tumors is distinct from angiosarcoma.

We were struck with two findings beyond the RECIST responses.
Two patients with MPNST had regression or cystification of meta-
static disease without a RECIST response; one patient with synovial
sarcoma with significant hemoptysis followed by a minor response to
sorafenib given at a lower dose off study. Whether these effects were
associated with VEGF or ras-raf signaling effects of sorafenib is spec-
ulative, given inconsistent changes in phospho-ERK observed in tu-
mor biopsies performed before and after staring sorafenib. However,
sorafenib inhibits MAPK signaling, cell growth, and induces G1 cell
cycle arrest in MPNST cell lines in vitro in a B-raf-dependent fash-
ion,24 supporting the importance of the NF1 deletion common in
MPNST. More potent inhibitors of raf may be appropriate agents to
examine in MPNST, and combination therapy including sorafenib
may be a more fruitful way to use these agents in other sarcomas.

Secondly, we also noted tumor flares in patients with angiosar-
coma who stopped therapy for progression or toxicity, as has been
observed with other targeted agents, such as patients with GIST who
stop imatinib or patients with other cancers who stop antiangiogenic
therapies. This observation is consistent with increases in VEGF ob-
served after use of antiangiogenic agents seen in other studies.33

Except in rare sarcoma histologies,10-12,34 other kinase in-
hibitors have also shown only minor activity in patients with
sarcomas.13,14,32,35-37 Nonetheless, as with renal cell and hepatocellu-
lar carcinoma patients treated with sorafenib, PFS observed on trials of
kinase-specific agents such as sorafenib supports its use as a meaning-
ful end point in clinic trials of such agents.

The toxicity of sorafenib in our patients at the US Food and
Drug Administration–approved dose and schedule suggests that
many patients would have tolerated therapy better if started at a
lower dose, with dose escalation later. Plasma trough levels of sor-
afenib were not different between people tolerating 400 mg daily
versus those tolerating 800 mg daily, suggesting that trough level may
be used to help adjust dose. Patient stature correlated to toxicity in our
multivariate model, and may be a means to select patients for higher
versus lower daily doses of sorafenib. However, our correlative studies
were too small to draw any firm conclusions, and are thus only
hypothesis-generating.

In summary, we observed activity of sorafenib in sarcoma pa-
tients, in particular those with angiosarcoma. These results, taken
together with striking responses seen with imatinib in patients with
dermatofibrosarcoma protuberans10-12 and pigmented villonodular
synovitis,34 with insulin-like growth factor inhibitors in Ewing sarco-
ma,38,39 and with anti-RANK ligand antibodies in patients having
recurrent giant cell tumors of bone40 give investigators hope that more
effective single agent and combinations of kinase-directed therapeu-
tics can be identified for different sarcoma subtypes. Enthusiasm is
tempered by the low response rate observed in this study, and with
other tyrosine kinase inhibitors.

Table 4. National Cancer Institute Common Toxicity Criteria for Adverse Events Version 3.0 Grade 2-4 Adverse Events With at Least 5% Incidence Possibly,
Probably, or Definitely Related to Sorafenib (as determined by investigator; n � 144 assessable for toxicity)

Toxicity

Grade

Total2 3 4

No. % No. % No. % No. %

Hand-foot skin reaction 29 20 18 13 47 33
Hypophosphatemia 23 16 7 5 1 1 31 22
Rash/desquamation 11 8 17 12 28 19
Lymphopenia 7 5 14 10 3 2 24 17
Low hemoglobin 16 11 7 5 23 16
Fatigue 14 10 9 6 23 16
Low albumin 18 13 1 1 19 13
Hyperglycemia 13 9 3 2 16 11
Hypertension 9 6 6 4 15 10
Leukopenia 11 8 2 1 2 1 15 10
Rash: erythema multiforme 12 8 1 1 13 9
Elevated ALT 9 6 3 2 1 1 13 9
Elevated AST 7 5 2 1 1 1 10 7
Diarrhea 6 4 4 3 10 7
Hypocalcemia 7 5 3 2 10 7
Hyperbilirubinemia 6 4 2 1 8 6
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